Abstract. Initial alignment is one of the key technologies of Strap down Inertial Navigation System (SINS). The accuracy of initial alignment directly affect the accuracy of the work of SINS and the time of initial alignment are important tactical targets reflecting the rapid reaction capability of weapons systems. In this paper, the development and method of SINS initial alignment technology are reviewed from three aspects which include coarse alignment, fine alignment and transfer alignment.
Introduction
The navigation device needs to know its initial position, velocity and attitude information before entering the working condition. It is easy to know the initial position and velocity information, but the initial attitude information needs to be aligned. The so-called alignment refers to the process of determining the coordinates of the inertial navigation system with respect to the reference coordinate system.
The basic idea of initial alignment is that by processing the measured values of accelerometers and gyroscopes, the corrected angular velocity is generated for the updating calculation of the strap down matrix, and the misalignment angle is reduced to zero as much as possible. At the same time, the swing angular velocity of the carrier is calculated by measuring the output of the gyroscope, and the swing angular velocity of the carrier is separated. The schematic diagram is shown in the following figure.
Fig. 1 Principle block diagram of initial alignment
Due to the existence of many complicated factors, the alignment of inertial navigation system are time-consuming and complicated. The precision of the initial alignment determines the precision of the navigation, so the research on the alignment technology of inertial navigation system has been paid much attention by many countries. At present, the initial alignment technology as a key technology of inertial navigation system has become the research hotspot and development direction in the field of navigation.
Coarse-Alignment
There are two main types of coarse alignment including coarse alignment of analytical method [1] and coarse alignment of inertial system. It is required to be able to meet the precise alignment of the initial misalignment angle as soon as possible to complete the alignment no matter which kind of coarse alignment method.
The basic principle of the coarse alignment is to determine the initial attitude matrix by using the gravity vector and the angular velocity vector of the earth. Under the condition of static state, the angular velocity measured by the gyro is the value of the rotation speed of the earth and the acceleration value is the value of gravity acceleration. When the carrier has a large swing motion, the earth's rotation speed information in the gyro measurements because of the signal-to-noise ratio is too low will not be available. When the carrier is in a large oscillatory motion, the measurement of acceleration will no longer be the gravity acceleration value. Therefore, the analytical method of coarse alignment is only applicable to the fully stationary base or the base of the interference motion.
In order to be able to align the movement base and the disturbance movement for the movement of the base, Gaiffe and Napolitano proposed a new method of coarse alignment [2] [3] [4] , on the basis of the situations that the gravity vector is parallel to the earth, and the differential of the gravity vector and the east of the geographical system are parallel, this method completes the coarse alignment on inertial coordinate system. For this study, Qin Yongyuan [5] proposed a coarse alignment method based on gravity information for inertial system rocking base, the attitude matrix is decomposed into 4 matrices multiplication and then calculated respectively. Based on the characteristic of nonlinear phase of gravity vector at different time, and the gyro output tracking vector coordinate transformation of each movement, the transformation matrix of each inertial system is calculated, which can effectively solve the negative influence of the angular wobble on the coarse alignment. The algorithm will transform effective motor vector angle of oscillation, and the attitude update process to achieve separate diagonal movement, which can effectively isolate the interference angle of oscillation in the base, only when the angle of oscillation inertial coarse alignment accuracy and precision on the static base the coarse alignment of a cause [6] , and the inertial system of coarse alignment line shaking also have certain inhibition effect, but it cannot completely eliminate the interference line shaking [7, 8] . In order to reduce the influence of line shaking interference on the coarse alignment, many scholars have studied the method of eliminating the interference from the line by using the low-pass filter to the accelerometer measurement, and has achieved good results [9] . Naser El-Shimy et al. [10] proposed a method to remove high frequency noise by using multilevel wavelet decomposition. And Zhao Changshan [11] designed a polynomial least squares algorithm to eliminate line interference. On the basis of Qin Yangquan's research, an improved algorithm of inertial alignment was proposed by Yan Gongmin [12] . The algorithm takes into account the influence of the line motion on the initial alignment, and introduces the external velocity measurement information into the alignment, so that the carrier can complete the rough alignment between the moving.
Some scholars put forward the idea of using auxiliary equipment to introduce the external measurement information into the system to complete the coarse alignment. Liu Baiqi [13] used the uniform linear motion acceleration information for pitch angle and roll angle to improve the course information to complete the coarse alignment by Global Positioning System (GPS), but the method of coarse alignment has a larger error, and the carrier is in accordance with certain maneuver trajectory. She Haoping [14] used the GPS information to directly calculate the elevation angle and the heading angle, and then according to the kinematics equation of the vector around the center of mass, the least square method is used to estimate the roll angle. Qu Xinfen [15] introduced the GPS velocity information into the system, using the GPS velocity information to calculate the elevation angle and the heading angle, using the accelerometer and GPS velocity information to solve the roll angle, and the initial alignment, finally she completed the initial alignment. Ma Longhua [16] decomposed the calculation of attitude matrix as three independent transformation matrix to be solved, and made the measurement values of GPS and Inertial Measurement Unit (IMU) as the formation of integration to express in different coordinate systems in and out, so as to obtain the transformation matrix between different coordinate system to complete the coarse alignment. Bao Qilian [17] designed the initial alignment scheme of the electronic compass assisted accelerometer: first use the electronic compass measure the initial heading angle, and then use the accelerometer output calculate the initial roll angle and the initial pitch angle. However, the scheme requires the accelerometer to measure very accurately, and the calculation of the roll angle and the elevation angle will be greatly affected by the larger line interference. In the coarse alignment from the the horizontal angle of the Sun Wei [18] , the attitude angle is calculated by the output of the accelerometer, and then the attitude angle is calculated by the output of the magnetometer. But the accuracy of the scheme is also limited by the accuracy of the accelerometer.
Fine-Alignment
The precise alignment is performed on the basis of coarse alignment, and the misalignment angle between the navigation coordinate system and the real navigation coordinate system is corrected to make it as close to zero as possible. Precision alignment requires the system to be completed as quickly as possible on the basis of accuracy.
In the early 1960s, Kalman filter theory was applied to the inertial navigation system, which provides a unified method for the initial alignment of the inertial navigation system, the velocity damping and the rest of the position. In 1965, L.D. Brock [19] used the Kalman filtering algorithm to deal with the initial alignment and calibration of the platform inertial navigation system. In 1967, J.F. Bellantoni [20] used Kalman filter with initial alignment and calibration of strap down inertial navigation system. When the misalignment angle is small, the error equation of SINS can be approximated as a linear equation, and the initial alignment can be achieved by two position alignment, multi position alignment and Kalman filter. At present, the initial alignment technique based on linear equation is relatively mature.
When the carrier is in situation that bad environment, or its attitude changes, the use of the coarse alignment of strap down attitude matrix error, error propagation angle error equation of the system cannot describe accurately the inertial navigation system based on a small loss, it is necessary to draw large misalignment angle error equations with nonlinear error response in initial alignment. At present, the nonlinear filtering method is used to study the initial alignment technique under the condition of large misalignment angle. Since 1980s, nonlinear filtering has been applied to the alignment of inertial navigation systems, such as Extended Kalman Filter (EKF), Unscented Kalman Filter (UKF), Particle Filter (PF), etc. EKF is a kind of approximate nonlinear filters, the basic idea is to linearize the nonlinear system, and then the Kalman filter, so EKF is a suboptimal filtering, and EKF is simple and easy to implement, which has been used in many disciplines and engineering fields. UKF is a nonlinear filtering method using strategy to approximate nonlinear distribution. So far, a number of domestic and foreign literature has been applied to inertial navigation system of the static base initial alignment and alignment [21] [22] [23] , the use of speed matching algorithm, which has got a good estimation effect. In the late 1990s, PF also began to use in the initial alignment of inertial navigation system. The solution of PF is closest to the solution of Bayesian filtering, which has high estimation accuracy and is suitable for arbitrary distribution and any form of system. At the same time, the research of nonlinear filtering algorithm is developing towards the direction of Engineering application, more emphasis on the stability and real-time filtering algorithm. In order to solve the problem of particle degeneracy and sample depletion in PF and the large amount of calculation, people began to study the new algorithm of local linear particle filter, such as extended Kalman particle filter and unscented particle filter. At the same time, the adaptive algorithm, genetic algorithm and particle filter are combined to improve the filtering performance and reduce the computational complexity.
Transfer-Alignment
Transfer alignment technology is also a kind of initial alignment, which can also be divided into two stages: coarse alignment and fine alignment. In the coarse alignment stage, the main inertial navigation system transfers the navigation information such as velocity and attitude to the inertial navigation system. In the fine alignment phase, the inertial navigation system (INS) is used to estimate and compensate the navigation information, such as the velocity and attitude of the main inertial navigation system. But because of lever arm effect, deflection and time delay error source, alignment error will appear, fully considering these factors which should be considered in the alignment process, and then we set up the mathematical model and make the corresponding compensation, so as to improve the accuracy.
Generally speaking, according to the different measurement methods in the transfer alignment, the method can be divided into two kinds: the calculation parameter matching method and the measurement parameter matching method. Calculation of parameter matching method is to use the main inertial navigation parameters and navigation parameters of missile system calculated the inertial navigation system is calculated to match, and measurement parameter matching method is the direct use of the main inertial navigation system and inertial navigation system output measurement to the matching process. From the perspective of the alignment precision, calculating parameter matching needs to be calculated and then navigation parameters are matched, so the calculating parameter matching alignment accuracy ratios measurement parameter matching alignment accuracy. But from the view of alignment time point, since the measurement parameter matching directly used the measured information navigation system and inertial navigation system of the main system, the calculation time matching calculation parameters omitted, so the alignment time of measurement parameters matching method than calculating parameter matching alignment time is short. At present, the matching methods are commonly used, such as speed matching, angular velocity matching, attitude matching method, angular velocity plus attitude matching method, velocity plus angular rate matching method and the velocity plus attitude matching method, etc., the velocity plus attitude matching method is the most widely used matching method.
Summary
From the analysis of research status of inertial navigation system initial alignment, the main purpose of the research is to improve the initial alignment of inertial navigation system accuracy and shorten the alignment time, and also can effectively further improve the accuracy of weapons and flexibility, strengthen land vehicles, aircraft, ship survivability and assault ability. At present, the initial alignment technology of inertial navigation system has been studied for many years in China. The research in this field has developed rapidly in recent years, but there are still some gaps. With the increase of various error model algorithms, the precision of INS is improved significantly. The future research focus of initial alignment technology should be in the exploration of improving the alignment accuracy and shorten the alignment time method, derived more effective alignment algorithm of inertial navigation system error model and the initial, these methods want to improve the precision of initial alignment. At the same time, the algorithm needs constant innovation.
